The coercivity and exchange bias field of ferro-/antiferromagnetic Co 90Fe10/CoFe-oxide bilayers were studied as function of the surface morphology of the bottom CoFe-oxide layer. The CoFe-oxide surface structure was varied systematically by low energy (0-70 V) Argon ion-beam bombardment before subsequent deposition of the Co90Fe10 layer. Transmission electron microscopy results showed that the bilayer consisted of hcp Co90Fe10 and rock-salt CoFe-oxide. At low temperatures, enhanced coercivities and exchange bias fields with increasing ion-beam bombardment energy were observed, which are attributed to defects and uncompensated moments created near the CoFe-oxide surface in increasing amounts with larger ion-beam bombardment energies. Magnetometry results also showed an increasing divergence of the low field temperature dependent magnetization [ΔM(T)] between field-cooling and zero-field-cooling processes, and an increasing blocking temperature with increasing ion-beam bombardment energy. © 2012 The Japan Society of Applied Physics. 
Introduction
Exchange bias [1] [2] [3] [4] [5] [6] , i.e., the shift of the hysteresis loop of a ferromagnetic (FM) material in contact with an antiferromagnetic (AFM) material after a field-cooling process, depends on many factors including the particular materials involved [7] [8] [9] [10] , film growth conditions [11] [12] [13] [14] , the structural, compositional and magnetic details of the interfaces [15] [16] [17] [18] , the magnetic stiffness of the AFM moments, and the field-cooling conditions [19] [20] [21] [22] .
In this work, we varied the structural and magnetic interface between FM and AFM Co 90 Fe 10 / CoFe-oxide bilayers by bombarding the surface of the bottom AFM CoFe-oxide layer with Argon ions of varying energy before the subsequent growth of the top FM Co 90 Fe 10 layer. We observed a systematic increase of the coercivity and exchange bias at low temperature as function of the Ar ion-beam energy, which we attributed to an increase in the creation of defects and uncompensated moments in the AFM layer from higher ion-beam energies.
Experimental Methods
The Co 90 Fe 10 (at%) / CoFe-oxide bilayers were prepared on oxidized Si wafer substrates by using a dual ion-beam sputtering deposition technique [21, 22] . A Kaufman ion source (800 V, 7.5 mA) was used to focus an Argon ion-beam onto a commercial To study exchange bias effects, the Co 90 Fe 10 / CoFe-oxide bilayers were 12 kOe field-cooled from 350 to 50 K. The hysteresis loops for the films after field cooling are shown in Fig. 2(c) . In contrast to the room temperature behavior, for all V EH bombardment energies, a square and symmetric loop shape was present, and a high remanence concomitant with the square loops, i.e. M r / M s ~ 1. Figure 2 Note that a similar effect was also observed in NiFe/NiFeO thin films [29] . The blocking temperature, T B , estimated by the magnetization with a maximum in the ZFC scan [29] , was found to increase with increasing V EH from 180 K (V EH = 0 V) to 230 K (V EH = 70 V), as shown in the inset of Fig. 3 .
Our previous work on NiFe/NiO bilayers [21] has shown that the pure ferromagnetic (e.g., permalloy) layer usually exhibited identical ZFC and FC curve with H app = 100 Oe The degree of exchange coupling is qualitatively estimated by the difference in magnetization (Δ) [29] between FC and ZFC at 50 K, which is about 3% in a spin (or cluster) glass [30] and about 0.5% in a pure permalloy layer [29] 
